Extreme drought events have frequently occurred in Southwest China (SWC) in this century. The rainfall of SWC could be related to several climate systems such as the East Asia monsoon, Indian monsoon and El Niño-southern Oscillation.
into four seasons corresponding to Spring (March-April-May, MAM), Summer (June-July-August, JJA), Autumn (September-October-November, SON) and Winter (December-January-February, DIF).
Methodology
First, we implement the removal of seasonal cycle to obtain the time series of the SSTA and rainfall anomalies (Fan et al., 60 2017). We then construct a directionally weighted network. The network nodes i and j can be classified into two subsets by the two different variables respectively; one subset includes the rainfall nodes over SWC and the other includes the global SSTA nodes. X i (t) is a time series of rainfall anomalies for a node i of SWC, where t spans all years 1979-2017 in a specific season.
Here we consider that the SSTA Y j (t + τ ) has a time lag τ with X i (t). The cross-correlation function is written as (Fan et al., 2017) :
where −τ max ≤ τ ≤ τ max is the time lag,τ max = 200. is averaged for all t. We identify the largest absolute value of C ij (τ ) and denote the corresponding time lag τ * . The correlation between sites i and sites j is defined as C ij =Ĉ ij (τ * ). If τ * = 0, the link between i and j is directional. The direction of link is from i to j when τ * > 0 (from j to i when τ * < 0).
For the definition of the adjacency matrix of the network, a threshold ∆ of correlation is introduced to exclude noise (Zhang 70 et al., 2018) . The adjacency matrix is defined with the threshold as
The importance of nodes in the network is usually quantified by the degree (Fan et al., 2017; Zhang et al., 2018) . Since we focus on the influence of the SSTA to rainfall, only the out-degree is considered here. The weighted out-degree of the node j is defined as
G j can be divided into the positive and negative weighted out-degrees G p j and G n j by the weight C ij respectively, G j = G p j + G n j , since positive and negative one can identify the different correlation characteristics. To observe the important nodes in SWC that are influenced by the SSTA, the weighted in-degree of the node i is defined as
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Result
According to the Eq. 1, we obtain C ij for any pair of nodes between the SSTA and rainfall. Fig. 1 shows the probability distribution function (PDF) of the correlation C ij . We find two separated peaks corresponding to positive and negative correlations respectively in Fig. 1 . In order to verify the significance of the correlation, we compare the PDFs between the real data (red) and
shuffled data (blue) in Fig. 1 . The shuffled data is obtained by randomizing the original time series. Thus there is no correlation 85 between the shuffled time series. The PDF of the real data in Fig. 1 shows a much slower decay with the increased absolute correlation |C| both in the positive and negative parts. For the shuffled data, the PDF almost decays to zero when |C| is larger than 0.1. Therefore it makes sense to take the threshold |∆| = 0.11 to filter out the noise and find the significant correlation.
We then use Eq. 2 to get links of the networks. Table 1 summarizes the statistics of the positive and negative links from the SSTA to rainfall in SWC for the different seasons. We obtain the total numbers of the positive and negative links (τ * ≤ 0) N p and N n respectively in Table 1 . Spring rainfall in SWC shows the most positive and negative links connected to the global SSTA. The numbers of the links in winter and summer are less than spring. The fewest links are found in autumn. Similarly the averaged correlation measures C p and C n , standard deviations δ p and δ n can be calculated for the positive and negative links (τ * ≤ 0), respectively. We also find the most significant values of the averages and standard deviations in spring in Table   1 . These results indicate that the influence of the SSTA on rainfall of SWC indeed depends on seasons.
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In order to further obtain the critical regions of the SSTA to affect the rainfall of SWC, we observe the out-degree pattern over the global that is calculated by Eq. 3. The out-degree patterns show some important regions on the oceans to influence the rainfall of SWC for different seasons in Figs. 2 and 3. In winter, the largest cluster for the positive weighted out-degree is located in the middle and East Equatorial Pacific in Fig. 2(a) . In spring, the regional size connected to the rainfall in SWC is greater than other seasons. It includes the tropical Western Pacific and Atlantic regions in Fig. 2(b) . We also note that the 100 largest cluster in the middle and East Equatorial Pacific (Fig. 2(a) ) disappears in Fig. 2(b) . The positive weighted out-degree pattern in winter seems to be opposite to spring. The reversed phase from winter to spring was not reported before. For summer and autumn, Figs. 2(c) and 2(d) depict the clusters with a smaller scale than winter and spring. The distributions of the negative weighted out-degree are shown in Fig. 3 . Instead, the largest negative correlation cluster in the middle Atlantic is found for winter ( Fig. 3(a) ) and for spring ( Fig. 3(b) ), the largest negative correlation cluster is located in the Middle and East Equatorial Pacific. It is reasonable that most of the clusters are found in the tropics, since the Hadley circulation plays an important role to transport moisture from the tropics to SWC (Zhao et al., 2009; Gong et al., 2018) . We also find that the the Atlantic, West and East Pacific influence SWC significantly in an agreement with the previous studies (Zhao et al., 2009; . These three regions are associated with the NAO and ENSO phenomena. In the previous studies (Ha et al., 2019; Wang et al., 2016; Li et al., 2011) , the whole SWC region was usually treated 110 as a point to be influenced by the SSTA. However, some studies already showed an inhomogeneous spatial distribution of rainfall in SWC (Shi et al., 2015; Ma et al., 2013) . To further check the teleconnection between the SSTA and rainfall in SWC associated with the inhomogeneous spatial distribution, we calculated the distribution of weighted in-degree by Eq. 4. Some nodes within SWC show a weak in-degree and only several nodes have strong correlations with the SSTA as shown in Figs. 4 and 5. Importantly, the distributions are localized and change with seasons i.e., the node with the largest in-degree represented 115 as C 1 is located at right-bottom corner in Fig. 4(a) for winter; but for spring, the strongest node will change to C 2 located at left-bottom corner in Fig. 4(b) . Furthermore, the distributions of the positive and negative weighted in-degree are similar (see Figs. 4 and 5 ). This indicates that if the nodes of SWC are positively correlated with the nodes of the SSTA, on the other hand these nodes in SWC will be negatively correlated with the other nodes of the SSTA.
Next, we show the examples of links between the important nodes of SWC and the SSTA. Here we focus on winter and 120 spring since the stronger correlations are observed in winter and spring as revealed above. Fig. 6(a) shows the links between the rainfall node C 1 (see Fig.4(a) ) and the SSTA nodes in the East Equatorial Pacific with the positive correlation. The correlation
C changes with the time lag τ and reaches to the maximum value at τ = −40 days in Fig. 6(b) . It means that a high daily SSTA in the East Equatorial Pacific is probably observed nearly 40 days before a high rainfall rate in SWC. All of the links in Fig. 6(a) show a similar trend in Fig. 6(b) . This could be related to the ENSO phenomenon leading to an abnormal temperature in the East Equatorial Pacific, then causing extreme weather events over the global including SWC (Zhao et al., 2009) . We next see the negatively correlated links between the nodes C 1 and the North Atlantic (see Fig. 6(c) ). The absolute maximum of the correlationĈ corresponds to τ = −160 in Fig. 6(d) , which has been closed to the limit of the time lag. If we extend the limit, we will clearly observe a trough at τ = −160. These links with the negative correlation ( Fig. 6(a) ) are earlier to influence the node C 1 than the positive links ( Fig. 6(c) ). The SSTA of the North Atlantic can arouse a series of quasi-stationary wave 130 trains that propagate eastward leading to emerge anticyclone (cyclone) in upper air of SWC so that the rainfall of C 1 decreases (increases) . Figs. 7(a) and (c) show the links between the rainfall node C 2 (represents in Fig. 4(b) ) and the SSTA nodes in the West Equatorial Pacific with the positive correlation and in the East Equatorial Pacific with the negative correlation for spring respectively. The corresponding time lags of the absolute maximum of the correlationĈ are −95 and −74 days for Figs. 135 7(b) and (d) respectively. They are close to each other. We conjecture that the correlation between the node C 2 and the East Equatorial Pacific could be indirect. The West Equatorial Pacific is intermediary. The relationships between the West Equatorial Pacific and the East Equatorial Pacific are built by the Walker Circulation Yun et al., 2010) . The change of convective force with the SSTA in the West Equatorial Pacific can directly affect the moisture transporting from low latitudes to SWC . However, the impacts of the West Equatorial Pacific on the spring rainfall 140 are localized where the area is around the node C 2 . Figs. 8 and 9 show the examples of the links for summer and autumn respectively. The Indian Ocean and the North west Pacific are important regions to impact the node C 3 for summer. Some studies also suggested that considering both the Indian Ocean and the Western Pacific can improve the prediction of the summer rainfall in east Asia (Cao et al., 2013; Wang et al., 2012) .
Conclusions
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In summary, we develop a complex network method to study the teleconnection between the SSTA and rainfall of SWC.
Statistics of the networks indicate that the results are strongly depend on seasons. Most teleconnection links are observed in spring both for the negative and positive correlations. The second one is in winter. Summer and autumn have less links. It is reasonable that rainfall is more dependent on transport of moisture from some remote regions in winter and spring, since less moisture is generated by local sources in SWC. The remote regions (i.e. the tropical Western Pacific, North Atlantic and Middle 150 and East Equatorial Pacific) connected to SWC are observed by the weighted out-degree patterns. Indeed, the teleconnection patterns change with seasons. Due to the inhomogeneous spatial distribution of rainfall associated with the complex topography in SWC, we investigate the distribution of the weighted in-degree in SWC. We find that most of teleconnections are contributed by the several specific nodes with in SWC and these nodes are different for different seasons. Thus we suggest that it is inappropriate to treat SWC as a homogeneous region. At last, we show some significant links between the SSTA nodes and the rainfall nodes within SWC.
We identify the time-lag corresponding to the strongest correlation that can potentially give how many days the nodes within SWC can be influenced by the SSTA i.e., the rain rate in the subareas of SWC could be influenced by the daily SSTA of the North Atlantic 160 days ago in winter and for the West Equatorial Pacific it will be 95 days ahead of the rain of SWC in spring.
We believe that these results will help to improve the prediction of rainfall in SWC.
